Bases of the scientific conception of the "green frame" designing in urban areas for providing ecological safety of the urban environment V Bespalov and E Kotlyarova -Furnace devices aerodynamics optimization for fuel combustion efficiency improvement and nitrogen oxide emission reduction E P Volkov, V B Prokhorov, A M Arkhipov et al. Abstract. This article is devoted to the experimental identification of the copper ions (II) uptake by the remediation plant. Wheat and barley were used as plants for phytoremediation. They were cultivated in the aqueous culture on the Hellriegel nutritive medium prepared without phosphorus. The copper was dissolved in the medium in the concentration 0 mg/l (control variant), 0.5 mg/l, 1.0 mg/l, 2.5 mg/l, 5 mg/l, 10 mg/l, 20 mg/l. The concentrations of the copper were identified in solutions by the ion meter in 2 weeks of cultivation. The moving arrangement with a plant as a biological bed is elaborated for phytofiltration. That is a technology for decontamination and final treatment of the wastewater from pollutants using plants. Particularly it is possible to remove ions of heavy metals. The device will be inexpensive, simple and easy for exploitation at the enterprise. It is offered to complete standard rectangular settler by the mentioned device.
Introduction.
The growth of industry influences on the contaminant ingress to the superficial water which is the main depository of pollutants.
Industrial and residential wastewater contains wide variety of contaminants. Mineral resource and concentrating industry, non-ferrous metallurgy, chemical and petrochemical enterprises, mechanical engineering, machine-tool industry, electrical and electronic engineering, and heat-power industry are the sources of wastewater, which contains the most toxic substances such as ions of heavy metals. All of heavy metals have biological activity. Dangerous related to the accumulation of heavy metals is conditioned by their ability to step in the food chains and to change the geological cycling, to concentrate primarily in microorganisms and plants. Then heavy metals are able to contaminate people. In conjunction requirement strengthening to methods of water treatment take place in the whole world.
Modern methods of water purification such as reagent and charge-transfer methods, pressure and electrical dialysis, reversed osmose are effective, but they have significant limitations. For example, reagent method needs the investment for reagents. Besides a lot of residuals are formed in the process of purification. Charge-transfer method demands the preliminary removal of suspended substances and cations of calcium. Also that method needs the division of waste water into flows with different kinds of ions. High-toxic and highly-concentrated unutilizes eluates appears. Pressure dialysis and electrodialysis have high purification efficiency, but they are hardscrabble methods. Phytoremediation is a relatively new and actual method of purification of waste and natural waters and soils as well as decontamination of air pollutants. It is use of green plants to absorb or decontamination of organic or inorganic toxicants in the environment [ [5] ; [10] ]. It is a promising technology for the revegetation of polluted territories.
Researches [[19] ; [20] ; [21] ; [14] ; [16] ; [15] ; [3]; [22] ; [30] ; [7] ; [9] ] are devote to the quantitative characteristics of uptake of heavy metals, sulfates, nitrates, and low-molecular substances by plants from industrial and residential wastewater and model solutions. Experimental and field researches demonstrate that plants can be used for purification of water. They can uptake and transform heavy metals, inorganic anions, and pesticides [ [1] ; [2] ; [8] ; [4] ; [24] ; [23] ; [25] ; [26] ; [27] ; [12] ; [11] ; [18] ; [6] ; [34] ; [32] ; [17] ; [31] ; [13] ].
The following kinds of phytoremediation are divided due to the peculiarities of remediation processes and localization of contaminants, such as phytoextraction, phytostabilization, phytofiltration, and phytovolatization.
In this case we tell about phytofiltration because the method of absorption of heavy metals from water by roots of plants was elaborated. The process includes the growing of plants in hydroponics and replant to wastewater which contains ions of metals. Plants adsorb and concentrated metals in their tisssues. Besides, the extrusion of organic and inorganic substances, production of oxygen and changes of pH due to the transport of protons by roots or generation of hydrocarbonate anions are the reasons of the sedimentation of metals on the surface of plant or in the growth solution [ [29] ]. This technology is more inexpensive than technologies based on technical approach because the main source of energy is sun light which is transformed into chemical energy by plants. Those benefits are the evidences of the necessity of the elaboration and the search of new possibilities of use of phytoremediation.
Phytoremediation is applied to treat wastewater in the world [ [33] ; [28] ].
The purpose of present work was experimental assessment of the ability of phytoremediants to absorb the ions of copper (Cu 2+ ) and their tolerance to the contamination for design of the special equipment based on standard rectangular settlers completed by a moving arrangement.
Materials and methods.
Wheat and barley were the model plants in this research because they have the following adventures, they have high absorption capacity as well as easy cultivation, desiccation and utilization. Their ontogenesis is well described.
The experiments were divided for two parts. Germinating seedlings of wheat and barley were planted as a water culture in six glasses with growth medium which contained different concentrations of copper cations (table 1). It was prepared using the feeding solution of Hellriegel (table 2) without phosphorus because phosphates form insoluble compounds with copper. So copper would be unavailable for plants in the full Hellriegel medium. The seedlings were put on the plates with perforations, and their roots were immersed into the growth medium. The volume of glasses was 200 ml, the amount of seedlings was 10 ( fig 1) . We used the electrode system with 2 ion-selective measurement electrodes and electrical converter. The electromotive force of electrode system depends on the activity of ions in the solution.
Results and discussion.
Maximal growth of plants was in control (fig 2, 3) . Despite the cation of copper is a necessary feeding microelement for plants, their growth was considerably inhibited in variants with the concentration of Cu 2+ more than 0,5-1,0 mg/l. The lethal concentrations of Cu 2+ for wheat and barley were 10 mg/l and 20 mg/l correspondingly. The diagram was built using the data obtained in the tests with wheat and barley ( fig. 3 a, b) . The length of shoots and the mass of roots as well as the adsorption activity depended on the concentration of Cu 2+ . The optimal concentration of Cu 2+ was 1.0 mg/l and 2.5 mg/l for wheat and barley correspondingly. Basing on the described results we can conclude that barley is better plant for phytoremediation then wheat. It was more tolerant for the contamination. Use of barley allows getting the maximum permissible concentration (1.0) at the end of the experiment when the concentration of Cu 2+ in growth medium (model wastewater) was 2.5 mg/l.
The rectangular settler is one of the possible devices which can be adapted to phytoremediation. It has good capacity and volume, but also it needs law operating costs. We propose to provide the standard device by moving arrangement. This arrangement is inexpensive, simple and easy to use. It can be applied on the enterprises.
Moving arrangement for the treatment of wastewater by phytofiltration is shown on fig. 4 . It consists of bearing member (8) for biological bed (6) . It contains the frame with overlay (2), side walls (4) . The hatch is attached by hinge straps (3) to the side wall (7). The overlay is held on the suspended machinery (1). The bearing member is made of micromesh. The size and shape of the moving arrangement depends on the parameters of the settler and biological bed.
Fig. 4 -Moving arrangement for the treatment of wastewater by phytofiltration
It is the way the arrangement works. Plants for phytofiltration are put to the bearing member. Then the hatch is being closed. The arrangement is being immersed to the settler. The depth of submersion depends on the peculiarities of plants, particularly, their requirements for light. Also the depth depends on the characteristics of the settler and wastewater. Plants distributes regularly in the volume of settler, water contacts with plants, so the plants adsorb contaminations. After the process of treatment the moving arrangement is being drawn up. Plants contain heavy metals in their tissues, so the best way is to dry or burn up them and remove contaminants from the ash.
Conclusion.
The experiment demonstrated the effective extraction of the copper ions (II) by the remediation plants such as wheat and barley. Barley was more effective and tolerant than wheat. The optimal concentration of copper was 2.5 mg/l, in this variant we can get the maximum permissible concentration (1.0) at the end of the experiment.
The moving arrangement with plants as a biological bed based on standard rectangular settler was elaborated for phytofiltration. That is a technology for decontamination and final treatment of the wastewater from pollutants using plants. Particularly it is possible to remove ions of heavy metals. The device will be inexpensive, simple and easy for exploitation at the enterprice.
